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(57) Abstract: A photocatalysi comprising 
a titanium fluoride nitride represented by 
MeTi(IV)0»NbFc and obtained by doping 
cithCT Ti(IV)0,NbFc of an anatasc structure 
or TiaV)O.NbFc of a perovskite-anatase 
structure witli at least one metal Me 
selected from the group consisting of 
alkalis and alkali metals (provided ihal b 
is 0.1 to 1, c is 0.1 to 1, and a is a value 
necessaiy for maintaining 'ri(IV) and 
depends on b and c). This photocatalyst, 
which comprises the titanium tluoride 
nitride, is especially characterized 
by having deposited thereon ai least 
one promoter selected from the group 
consisting of at least platinum, nickel, and 
palladium. 
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^ *#tf CD S o *fcs ^5- < 6D@(^^ft!!5<^{±ffi^^^ i^'fe 
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^-AS/>^<> irM^-cm^. :!jx-;i/^^-rs i Jio-?? ts.«e3f5® 

■f^ffl ^ ^ (t S o «aj ^ « C d S . C u - Z n S ^ {±/^ > F ^ ^ ^ t± 
ilTc ® ffi © Sii&^f^T ^ ^ ^® % gl ^ -r ^ 'i:^ § ^ 

x)^mm,'^m(Dx.^)v^-^f3:^mm^iiimm(Dm^=^ (0 2p) ni 
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-tt^JSKfls*^® ^HfciJfc^/^^ <-rs^i:A*T*§. ii^«:a®^ 

i:^l6Bbs BuiaS®^S??^bfc^B^fc bTKlc^^ 
bTV^S (!Rfjai2000- 256681;2000^P8^ 28B ) o ^O-fb-^!^® 

b :&^tf * ©-Ctt^^ife ©i>5# e. Ti (IV) 

tffb-^i^T-li^^^ t) ©%^f S ^ ^^^'^^ *^ 

Bj^ tt. T i (IV) <&^tf^b-&^t*v^T^ h ^ K 
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3feMit?SI4 SJ^oT i ( I V) $^tffti•&tIfc::^>f h v K)^^^ 
JiA-C t * *»S6'^?*^S*t- S Ti (IV) *J FJg-&>&^tfJ^ 

Ti(IV)cD±^h5^ h'i^^cD^AA^ RTtlT-fe^ :i i: 
itiUs TiO.NbFos Me T i OaNbFe'fb^t>^^ffiV>SC:Ji 
fcJ:t):»--r h*i^^ T i (IV) ^^tffb-^^O^figds 

T i O aNb F c'fb^%lil3*V%Tx MeH:Sr:ftif0 7;i'3b U ±^ 
^JRT?feDs cJiO. bJiO. l~l-CfeD^^?Sb<a: 

b^O. 3-C**Ds attBtr^c:fe ilJfb i:©M^Sfc:felAT^*SfiE 

sfci6Mfb^f^!&a?n{c:f5 }Ly&^i3^mm^un\zm?^T ^ ^ 
^i\^<D^^ffi^'^m-v^ ^ . un(Dnsm,^m^{&i^x>< < . eoo 

HU^:^-r h K3^^§i#"0 T i (IV) 4 ^tf <b-^t)©^^:^& 
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:^^m(Dm Ti (IV) OaNbFo^fefiTi (IV) 0 

Jfe < i: t)-acDifeJlM e S K-r LfcM e T i (IV) O^NbFe 

i!m^nzy>yitmit'^^i^^^ts^mm(ia.\^. b^so. i~i, c^so. i~ 
i.afiTi (IV) ^mi^r^mx-h^ . h i:,xjp c tommxm 

S;5o ) ■^$>^o <i±s Ti (IV) O ^N^F ^i±Ti-^ - 

7.mi^. ^LTMeTi (IV) 0 ^ F Zf 7. ^ h T 

sIc^RacDS 2 fix Ti (IV) O^NbFetfcttTi (IV) O 

JQ; < i: SC^MM e % H-r bfeM e T i (IV) O^NtFe 

-e^^ 75'<n^^b5^i5'i^Sr-^tp^MSSE (mbo bm. c^so. i~ 
i.attTi (IV) ^m^T^mx^y) . h^^v^ c h<Dmmx^ 

) ipe.fts?te*t9-filffll!fii«-efeSo i?SL<{±s Ti (IV) 

0 a Nb F e^±7':^^-^«li®^ ^UTMeTi (IV) OaNbFe 

y<t:^^k;f"^'>'Sr-^tf3t7jc^fi|ffi/5!6Sfc-C-fe>3x J; »3 b < (is < 
i:*)Pt. Nix RuisiUfP di*^«:Si¥A^?)^^^nSil>& < 

^i?^'^-^ tr ^ 7k ^ ^ ffl /ft jl^ T 5 o 

2pi;^BJ©^ 3 {ix (NH4) iF t.iX'm:^n.{i>t£<thF 
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tr 7 5^ -fb ^ ay 5" :^ n r = A n v-fb T ^'^^ A ^ ^ 
^yV~/Na>jr^^>fbr:/*-!>ASrij>fi:iif!|-eg^gS^ 2 0 0 'C ~ 5 0 
0*C.if^b<ii 30 0'C~45 0*C^ T*^^ LTffiilM^Bfig 

^\^^-vmmmn^wtmm'!rW^m!T>=e-TizMhx 0 . 0 2%~ 
10. oo%(Dmms t.ftUi7i(.^^A,iET>^-Tmw%X' 

m-mWi^ 3 5 0 "C- 7 0 0 -Cs L < J± 4 0 0 "C- 6 0 0 '01? 5 
I^F^Jii±^<bS-a-fi£LTTi (IV) O^NbF „ ^^^J^i^-S^tttlSE^M 

^Bjgo||4. T i F,Xe-x* J^U^/SfcH: (NH4) aTiF^ 

^-•i7Ai:S rOs SrOH:}3cttJfSrX*^^);6;^S¥A^A>iijR^ti; 

ifel>-e^fflM3|BJ*fc{± S r T i F « * ^I^M^Ife^"?? r > ^ n 

^'t^^jb-co. 02-10. 00 %(Dm^. s fc{±7Jc*^^ 
jery^nT^amTs mnmm a s o 'c- 7 0 0 "c-r* 5 ^f^j^± 

E^bl^-^fig bT S r T i (IV) OaNbFei>>e>^J^-5^®!ii<&lMig 

Tl5l b)o 
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^ 3 Ufc^j»i«t:iJ;S4 2 0 nmU±<D-mm%'S (D 1 0 v 

^4ia{±. |g 3 ia©ifc/|ll^«K: J; 5 4 2 0 ninJit±0 qm^T-CD 
A g N O 3 2K^«t*»e> OO aSr^fefift-r SSJlSOl^B^^-fbS^-To 

^ 7 EI {is *Jiil«?!l 2 (Dm<tm<Dyiy'(tmit^^:^^^tsit^m\^& 
^3 %i§.mLtz^mmi^ X ^ 4 2 OnmJii±©Rj^i^T-©l Ov 

^ "fo 

fg 8 B 7 S0 3l6ffl^K: J; ^ 4 2 0 n mJJt ± © qim^ T' CD A 

^1 0 ^{is mmm 3 <Dmvci^<oyy^mit^^i^^^tsi\:^m(o 

^1 1 El {is 3 <Dm.^'^(Dyvi\:'^it^^i^^^t^it^m\^ 

3 bfc^@!lii(c J: S4 2 OnmW±ORim^-e®l 0 

vol.%p{i5'>'— ;i'2k^?«[i»?)®H2^^^t-5SJtS0i^^^<b 

^1 2Ei{±s mi im(o%m^^ 4 2 0 ximi>xJi(o-5sn% 

-C0AgNO32K^^S3ti^e>®O2Sr5fefig-r'5Sli&Oigf^^-(b5&3^ 



wo 03/068393 



PCT/JP02/08071 



8 

to 

mi 5m\t. mmm 4 <Dm'fb^(Dyyitmit^^>'^'^tfit^m\^ 

%1S.WVtz^mmi^ Ja^ 4 2 0 nmfei±0 Rr^i>teT"CD 1 0 

^^to 

1^ (0 A g 0 3 7Km^tf> ^ <o o 2^^^t i Rmomt^^^h^m 

to 

mi 7 mmm 5 cos tt i oi^ Funcom^ - psmm-U 
mi smit. mmm stDSrTiON fm^jbkc 1 ss%s 

W Vtc^mt^i^ X ^ 4 2 Onm)il±(DoSU^X'(Dl Ovo 1 .% 

to 

m2 0 ibi^^wj 1 (D^momit^^ >F 2 ^m^^^oit^ 

^2 1 sjix m 2 om(Dit-^m(Dm^ • oi^miiRjRiRptts^-ro 
^2 20 itmm 2 (Dm^ii^ ^ > y - T N E 

TX-mMU& 6 0 0 'Cfs 15 I^P^fife^ bfc^-fb^b-^tJ® XJ^Ifil 
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To 

m24mit. r^lK$tlTV^5^^ b D A S r T i 

m 2 emit. jtit^4©rUiR$nrv'»s5^^' h n >5^e7 

AS r T i OaSTV^ — TNH3^^iEtt•Tfc43V^■r^#^a^tJS 1 
0K/^-e4 0 0°C(6 7 3K) St#Mbfe^. i©S^T-5 

m 2 7 ma. m2 6 mcoHj-^^cDm^ • -siumiknB^mt o 
% & -r s fc «> ® ff^Ss 

(NH4) 2 T i F dXe-d®<li^iia^«>t>'^^L.T«. (NH4) jT 
iFes (NH4) 2TiFaCl4*:i^*^?*L,V>*©i:b-C^(fS 

SrTi (IV) O 5 F „<^^b^mfife(^^>(^^itM-r5mJ!^*^f«: 
#Sfc«>©I^JiS|•^:LTf4^ T i F 4 2i S r F 2 Sii-^bfe © S» ^ 
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1 

* r ^ 7 ;V :t D ^ >(F T > ^ - <7 A ( (NH4)2TiFs ) 

mm^® pt^-e 400 'c (673K) , 1 znmmf&r^o mm'^s 

i n- » , c m' • min ') 6 0 0 (873K) , 1 2 I^F^ 

6^©±fBMJ^^OSitliN 0. 1 mol • 0.1 mold m-'©7^ h ^ 
T> ^ p D fi^ Pt (NH4) 4C 1 2^^«0.00357dmMPt 

3 wu)<g±fa*^*^o . 3 gfc^?&±-e^s^-&s jic.^^m^&^'^ito 

^in* 3 0 0 -C (573 K) -C- 2 i^^7k^fc:<k Dii55«n.a<&fT^ fco 
^jiSo^©*j3^(DXi^liI#f 1 0 i^mTo E + © 0 If t: - ^ 
r^T T i N F (11::*: ; Angew. Chem. Int. Ed, Engle. 27.(1988), 
No.7*^ f>§Iffl<, ) tz^m^^s T i N F ©^^ASSi^^ tifco ± 

J->lTl5li:) ^l|20C^-ro ^2EI<tt)> ±I3M*4«: 6 0 0 nm* 

•c-©qrm^*KiR-r s tifit)ifi^tco 7i.m^^ff<D^mx d t i : 

0:N:F{il:1..7 6;0. 13:0. 10(TiOi.76No. 

^ 3 ia{l±BBO Jl^3 b 3 bfe»3l4 0 . 2g$10vo 

1 y -;i/7k^^ 0. 3 1 0 d {CS^H Us 4 2 0 nmJii 



wo 03/068393 



PCT/JP02/08071 



1 1 

420n miik±(DaJl!^^^mm bfc 0{cSK^ti?>J;5 
±i3$j3ist{i 4 2 0 nmJJt±CD Rim^^StT-^ ^ ^ -^I'^Ki^rS 
*» e.2K^*^^«Jt^^-e § S CI i:**t>*»o fco ^4mic:± 
IB*tJ|st 0. 2gS0. Olmoldm-3 AgN 0 aTkif?^ 0.31 
Odm^{c51^Ux 4 2OnmW±0Rl^a^^MMbfci:tOs ^ 

4 Eli D X ±IB;^3iE^H: 4 2 0 n m W±©'5rm^RiS* Tl?5^^IS7k^ 
?g A* & * ^fig-C- # S i: *s to o o 

)il±<DZ tis' ^ s TiNFli42 OnmJJI.±®^gft*Wr2>'5ItI 

ll:Hg{^J 2 

^T^^'^y ^i^yirw^f^ >{N)m=.T>=e-^ A C (NH4) zT i 

j:o-ri>ruSo ^lo^Dfe/ff^j^^^smro^-c 4 o o -cceTSK) , 
1 2i^p^^^r^o i^m^. mm^^/y^i^T>^-T^m-f (t> 

"e-T^mo. 0 4 d m" • m i n- S ^^^Sji 0 . 2cm^-mi 
n"') , 5 0 0 °C (773K) , 1 0 ^^O^^btc J; ^3 -&sKbfeo fi^® 
±IBtJ3i4'^OfflitftN 0. 1 moldm-^OT^ h ^ >S^^ D n 

e^Pt (NH3)4C1 2^t«0.00357d mMPt 3 wtX) S±iBM*4 

0 . 3 g trm^&±T'^s^-&> 2fctS-5&^^^-frfco cins 3 0 0 -c 

(573 K) t? 2 i^^Tk^t:: J; »?J§7D®S<&^f ofco 
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Si ±lB$^3is^ti 6 0 0 nm*t?<Z)Rr^:)feS:iaiR1"S ^hifitoin^ 
o tzo Tbm^mof^mJ^ ?)Ti:0:N:Ft±l:l. 64:0. 
14:0. 3 0 ttji^fto 
^ 7 St±fB®3l D 3 w t 0 . 2g$10vo 

1.%^ ^ -;i/7K^?6 0 . 3 1 0 d m' fciSi^S bs 4 2 0 nmW± 

3 0 0=2|^^2y>7>r<&MV^^ iJ y h;i-77'f;i/^ — ^^ffl-Tcihlc: 
J; t) , 4 2 0 n mJi^±®'5I?a^Sfi^l^ bfco ^ 7 ^fclTj^^ J: o 
±f3M3is|-{± 4 2 0 nmfet±CDBr^^BilJT-e^^5'y-;i/7K^rt 

muno . 2 0.01 moldm-3 A gN O 37kigf?S 0 . 3 1 0 d 
m-^t:!SI®U^ 4 2 0 n mJil ±©11^316 * K^t* b fc h 

JJt±©c:i:*»e.x TiNFtt42 0 n m£t±® ^KS* ^"T S ll^l 
3 

^■f^^4f7;i/:rD^^>(F)KnT>^-»>A C (NH4) 2T 
iFo:! ili^^T- A (N H 4 C 1) >&^;VJt-el : 1 T'?g-^ 
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(673K) , 1 2^mm^T mmn. ^m^iST.^mr'^ 3 O o -c 
(573K) , 1 ommmf^^. mm^^A.^T>^-T^mr {t> 

^e-Tmmo . 2 dm^ . mi n-^ ^^^Siill cm^ • mir') 6 

0 0 -c. (873K) , 1 5 mmo^itiz^ »)^^ t fee &^<D±mun 

^(D^Wit^ 0. 1 mold^l~^©7^^^7'>^>i;^'DDa^Pt 
( N H 4 ) 3 C 1 2^?£0.00357d (Pt 3 wtX)* ±iB«l4 0 . 3 g 

izmm±-^^^^'^s ^'^^mm^ ^tzo cm^s 3 o o °c (573 k) 

^^^0**3iSf©X^IilSf 9 Sfc^fo II 9 iatf»©lel»ft:-^ 
{if '^.T T i N F {C'MJg^n. T i N F O ^mifimm^ titz o ±13 

6 0 0 nmS-^ © Bim^te^iRiR-r S 3i:*sto*^ofco 7c^^ 
«f J: t)Ti:0:N:F{i:l:l. 74:0. 13:0. 1 

^ 1 1 la t±|B©® t) fi^ 3 w t b 75:*J3^ 0 . 2 g 1 0 

vol. % 7^ tJ' y -;i/7jc^M 0. 310dm3fc:«^.^Ls 420 
nmJJt±©nrm^*fi^tJ bfc i: S©s tK^^^M ©I^Kp ^-fb % ^ f o 

^«g{±3 0 ow:^■fey>^>r$fflv^^ h^yy'f)vif — ^m. 
•r:itizxy>s 420 nm^^^±©■qr^^^£^l^ u to ^ i i gi 

ct 5 ic. ±tB#5isttt 4 2 0 ninJ[il±0qI^l5fe^lJT-^^^-^ 

mi2m^±^&UmO. 2eS0. Olmoldin-'AgNOa?]^ 
^mo. 3 1 0 d m" (C^S b^ 4 2 0 n m W±® Bj^3te>& fi^M b 

fci:#©s ^^^figfi©Mi^^'fb^&^f o 5.mii±mhmm(D^w 

T-ff^feo5ll20J;D, ±l3*r3|sHi 4 2 0 n mlJ*±© pT^a^teS^I* 



wo 03/068393 



PCT/JP02/08071 



1 4 . 

^ite^i 4 

S-r^:?r-!J-7;i/;tD^i5'>(F)^-y'>^-e7A C (NH4) 2T 

iFsD A(N H 4 c 1 ) <&^;i/J±;-ei : i-c-?g-& 

P^^g^l- J;^-ritDSoil®W*«mr®'4'-C4 O O -C (673K) , 
1 2 ^^^^t-5o SSfiK^s ^m&.-ff:^^m.Tt: 3 0 0 °C (573K) , 

r^3tO. 0 4 d m» • m i n- ^ , SS^S^^ 0 . 2 c m« • m in"') 
-GT>'E-Tmm'rt!m7&0 . 0 4 d • m i n- » 5 0 0 'C(7 

73K) , 1 o.mmomitic X *) ^^vtzo i^^(D±mun-^(D&n 

lis 0. 1 moldm-'OT^h^T^^^S^^PDa^Pt (NH3) 
4 C 1 0 . 0 0 3 5 7 d mMP t 3 wU) ?S ±IB#*4 0 . 3 g 

t3m?S±T^^^-a-N Tk^^mm^^lto ^fi^ 3 0 0-C (573 K) 

mifimm^fiito ±mu!i^<Dm^ • -s!nm.>&.^m i 4 latc^-To ^ 

1 4 lai Dn ±t'S,Uni± 6 0 0 nmtT-©Rr^^*i!SiK-r^ ;i 
tols^^fzo Ttm^mommi. t)Ti:0:N:FI±l:l. 45: 
0. 30:0. 20J:55:ofco 
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1 5 

^ 1 5 Elfc:±f3©3l D 3 w t %gi$ bfcM*4 0 . 2 g 1 
0vol. % >^ ^ ^ —Jl^ikmm 0. 3 1 0 d (c^.^ 42 

to 3te^®{i3 0 0W^•^ry>7>7•%ffl^^^ *yh:t77-f;i/iJ^- 
§3irc:i:fc:J;t)s 42 0 nmet±© RT^^^flilir bfco ^ 1 5 13 
tcm^ttSJ^^tx ±BBt*3|s^J± 4 2 0 nmU±<D-^^^mMT-C ^ 

fe> ^ 1 6 gItc±tatJ3l4 0. 2g*0.01iBoldm-''AgNO37k 
mm 0. 3 10dm'»fc:!8g®U> 420 n mfit±0 rT^^ MS^ b 

fff o feo ^1 6 EI J; D X ±fBtJ3|£4{± 4 2 0 nmlik±cD-^U^mm 

W±®ClJl3&^e.x TiNFl±42 0 nmJil±©Sg[:^%>&-r 5 

mmm 5 

7ry^^^^TiF4 (0. 9g) i:7y'fb;^hD>5=-'>ASrF2 
(0. 6g) A r^HM't'-Cig-^bx ^^a.-:?'fc:itmt- ^ 

& t c ti ^1 -f u ^ 7.'&\^izm^mm\yr. i o k/^s--^ 
#iabfcmN 4 5 o'c-c smm^-^s ^(D'^^ui^-^mur ^ z t 
tit), s r T i F e *-^^bfco mm^-^/vtdTyE- 

T^atfeT (7 > t-T^SE3i0.4d • m i n" ^ , K^m3i0.4c m' • 
min-i)-^iSj^ 4 0 d m ^ © T > ^ :i T N H 3 MSft * T 13 :fe V^ T . 
^Um& 1 0 K/:0-f 6 7 3K*-e#Sbfcms C: ©M^^T 5 1^ 
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1 6 

^®^A rM«Sf|'T-eMM^7?l^fi-r S k: J: D S r T i 
ON ¥ Un^-^^htzo 7U^^*f J; !5 S r : T i : O : N : 

F(±l:2. 35:0. 30:0. 4 0 ttii ^ fz o mm^-C $> ^ F 

Un\^ 6 0 0 nmf??© qI^^*i!RiR-r S 3 t Ifi t> ti> -o It „ Ml 8 

0fc:±tB®a ?) fi^ 1 «s%*aj#^-B-fc^i!iii^ 0 . 2g*io 

V o 1 %©p« ^ </ — ;i/7kJSI8t 0 . 2 0 0 d JcM® 4 2 0 n 
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